INTRODUCTION
About one year ago, Lindhard (2) reported a few observations on the distribution in the blood stream of vital red injected intravenously. He found that in man, in the sitting position, after a mixing time of 5 minutes, blood from the saphenous vein contained dye in a concentration one-half of that in blood taken from the cubital vein. If, however, the man walked between the time of dye injection and the time of blood collection, the concentration of dye in blood from the two veins was the same. He concluded that, in order to get accurate observations of plasma volume, the subject should walk between the time of dye injection and blood collection. Numerous observations of plasma volume had previously been made by one of us (3) (42) by means of the so-called dye method, in which a similar dye, brilliant vital red, was used. These had already led to the conclusion that, when observations are made exclusively upon blood from an arm vein in a normal man in the horizontal position after a rest period of at least 30 minutes, similar results are always obtained. The contrast between Lindhard's observations and our own made it appear desirable to determine conclusively the effect of posture on plasma volume determinations by the dye method.
Early in our work, we observed that in an individual in the standing still position, the volume of cells per liter of blood, the red count and the concentration of dye in arm venous blood were greater than in the recumbent position. It, therefore, appeared highly probable that standing still produced a diminution in the total amount of plasma. The study of the effect of posture on the composition of the blood thus became a second important part of our investigation. Bohme, in 1911 (4) , made several observations, at short intervals, of the refractive index of the serum of ear blood in a man lying down just after walking about. He found that it steadily decreased for about 30 minutes, when a resting level was reached. The change often corresponded to a variation in serum protein of more than 12 per cent. This change was also observed in several individuals when they lay down at the end of a day's work. He also found that the protein concentration was about 5 to 6 per cent greater when the subjects were in the sitting position than when they were lying down.
Cipriani and Moracchini (5) have recently reported determinations of the serum protein on cardiac and nephritic patients of various types by the refractometric method. Blood for the determinations was withdrawn in the morning both before and 4 hours after arising. The patients received no food or water until after the completion of the experiments. In 9 out of 11, an increase in serum protein of 7 to 15 per cent was observed. Two normal persons showed no change under the same conditions. During a control period of 4 hours in bed, no change in the value of serum protein was observed in either the normal or the pathological cases. We have not found any observations on the effect of standing still on the composition of the blood. It was, however, known to us from the work of Field and Bock (6) that, in this position, marked changes in the circulation may occur.
METHODS
The subjects took no food or liquid after 6 p.m. the day before the experiment. All experiments were preceded by a period of at least 30 minutes in the horizontal position. When taking the standing still position, the subjects were asked-to stand with the feet about six inches apart and to remain as motionless as possible.
In spite of good intentions, they could not avoid slight movements. Plasma volumes were determined by the dye method of Keith, Rowntree and Geraghty (7) except that brilliant vital red (1.5 per cent solution) was used instead of vital red, and 1.6 per cent sodium oxalate (2 cc was used instead of powdered sodium oxalate as an anticoagulant. Unless otherwise stated in the tables, the dye was invariably injected into an arm vein (usually the right cubital).
The same sample of blood, collected in calibrated 15 cc. centrifuge tubes,and spun at 2500 revolutions per minute for at least 45 minutes,-served for the estimation of relative cell and plasma volume and also for total plasma volume. Red counts were also made on this sample of blood.
For all other determinations, coagulation was prevented by the use of powdered potassium oxalate,-about 20 mgm. to 10 cc. of blood.
Total nitrogen was determined by the Dyer modification (8) of the macroKjehldahl method using 2 cc. of plasma. The non-protein nitrogen was determined by the Folin-Wu method (9) .
Total plasma protein was estimated by subtracting the non-protein nitrogen from the total nitrogen and multiplying the difference by 6.25.
Plasma water was determined by drying a known amount of plasma to a constant weight in an electric oven at a temperature of 110°C.
Specific gravities were done for us by Miss Dorothy Sloane in the surgical research laboratory, using the method of Barbour and Hamilton (10) .
Total CO2 determinations were made for us in Dr. Arlie V. Bock's laboratory using Van Slyke's method (11) .
Chlorides were determined bv Van Slyke's method (12) .
All of these determinations were made on samples of blood drawn from a cubital vein with the arm held at. the side. Additional measurements of total plasma volume, red count and cell volume were also frequently made on blood drawn from a foot vein. For all determinations other than red count, cell volume and total plasma volume, the blood was collected under oil before injecting the dye.
THE SUBJECTS STUDIED
Cases 2, 7 and 8 were normal individuals. Cases 1, 3, 4 and 5 were cured cases of exophthalmic goitre. Case 1 had slight pitting edema of the ankles. This was probably cardiac in origin but there were no other cardiac symptoms.
Case 6 was a case of myxedema whose metabolism was held at a normal level for 16 months previous to and also during the experimental period.
Case 9 had untreated myxedema.
EXPERIMENTAL RESULTS
In table 1 the average values and in tables 2 to 4 the detailed figures are given for the nine individuals studied in the horizontal and in the standing still positions.
EFFECT OF POSTURE ON THE BLOOD
It may be seen that, during the period of standing still, after a rest in the recumbent position, there are the following changes in the blood:
1. An increase in the number of red cells per cubic millimeter of blood (column I). 2. A corresponding increase in the volume of cells per liter of blood (column II).
3. An increase in the specific gravity of plasma (column VI). 4 . An increase in the concentration of plasma protein (column IV). 5. A decrease in the concentration of plasma water (column V). 6 . A decrease in the total amount of plasma in the blood of the whole body (column III).
Upon resuming the recumbent position the changes are reversed (table 4) . Data on a typical case are plotted in figure 1 .
From these observations, it seems safe to draw the conclusion that, while standing still, the blood temporarily loses a much greater volume of fluid than it gains. 
4qA'e -lB!a + + + + + Interrelation of the various manifestations of the plasma volume reduction Assuming that the fluid lost from plasma in a subject in the standing still position is protein free, the changes in red count, plasma protein and plasma water calculated from the changes in total plasma volume correspond well with the actual observations (table 5) . Moreover, the total cell volume for each subject, calculated from the total plasma (TABLE 6) Cross-hatched areas denote total cell volume, and white areas, total plasma volume. "L" denotes the recumbent and "S" the standing still position.
volume and the cell percentage, is the same in both the recumbent and standing still positions (table 6, figure 2). The reciprocal relation between the protein and water changes is shown in figure 3 .
These facts are consistent with the hypothesis that there has been, on the average, a net loss of 110 cc. of a protein free fluid per liter of plasma, or a total loss of 290 cc., (table 1, column III), and no other change. 
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EFFECT OF POSTURE ON THE BLOOD were made at different times after standing still. These are plotted in figure 4 . Several measurements of cell volume have also been made on this subject on the same day at different intervals after assuming the standing still position. These are plotted in figure 5. It will be observed that, on standing still, there is a rapid increase during about 20 minutes, after which the rate of increase diminishes up to about 30 minutes, when a level is reached. This curve is of the type to be expected and, except that the increase occurs much more slowly, is similar to that reported by Bohme (4) for the increase in protein concentration during exercise. There are insufficient data to determine when dilution of the blood becomes complete on reverting from the standing still to the horizontal position. In case 7 the plasma water had not reached its prestanding level within 9 minutes. In cases 8 and 4b, the plasma water had increased as much at the end of 25 to 30 minutes as at the end of an hour. In case 9, however, the process appeared to be still incomplete at the end of 30 minutes but had reached or passed the prestanding level at the end of an hour. Since this subject had untreated myxe-dema, the data suggest that this slow dilution may have been due to a diminished rate of absorption of water from tissues. In such cases, blood flow is known to be slow (15 foot when the subject was standing still, the relative cell volume was the same in the venous blood of the two arms, but greater in the vencus blood of the foot (table 7). In the horizontal posture, however, the volumes were the same in all three places.
Such variations may be due to:
2. A sedimentation of red blood cells in the blood vessels of the foot due to marked slowing of the circulation. 3. In part to greater CO2 content of foot venous blood than of arm venous blood resulting in swelling of the red blood corpuscles in the former.
The differences in CO2 content are certainly not great enough to produce the differences in cell volume observed. Therefore, the first two possibilities seem to be the most likely ones, and, of these, the first seems to be more probable than the second, although a combination of all three factors may be at work. figure 4 which were made on different days over a period of months. Note that the rate at which the change occurs is about the same in both figures.
Along with the greater venous pressure in the foot in the standing still po,ition (16) (17) (18), an actual increase in the filtering off of water from plasma in foot capillaries as compared with that in arm capillaries would be expected.
Effect of posture on the mixing of the dye The more dilute the dye in any given sample of blood, the greater the plasma volume calculated therefrom. For the sake of convenience in interpreting the data, we have expressed the plasma volumes not 590 only in cubic centimeters but also in percentages of dye concentration, arbitrarily taking the dye concentration corresponding to the average. plasma volume for each subject in the horizontal position as a standard of comparison (100 per cent). Thus, for example, if (case 1) the average total plasma volume of 3055 cc., for the horizontal position,. 1. A much longer time is required for the dye concentration in the blood to become uniform all over the body in the standing still position than in the recumbent position. 4 2. When the concentration has become uniform, it is greater in the standing stiU position than in the recumbent position.
Most of the delay in mixing in the standing still position appears to be due to a marked slowing of the circulation in the lower extremities. It may be seen from the data on cases 1 and 3 (table 2, e.g., experiment of June 9, 1927 on case 1) that, after a mixing time of 5 to 6 minutes, the dye concentration was the same in the venous blood of the right arm, of the left arm and of a foot when the subject was in the recumbent position. Complete mixing of the dye with the blood may, therefore, be fairly assumed at this time.5 In the standing still position, however, a different situation exists.
As cases 1, 3 and 5 show (particularly case 1, table 2, e.g., experiment of July 14, 1927) 5' to 8 minutes after injection, the dye concentration in foot venous blood was invariably less than in arm venous blood although the concentration in both arms was the same.
After a time, which in case 1 varied from 9 to 141 minutes, the dye concentration in the foot slowly increased until it became the same as in the arms or even slightly greater.6 Curiously enough, however, the concentration in the arms, in the meantime, did not decrease or decreased only slightly. This observation has since been corroborated 4It has also been shown that a much longer time elapses in the standing still than in the recumbent position, before dye injected into an arm vein appears in a foot vein and vice versa (19) . 5 It should be emphasized that 5-6 minutes does not necessarily represent the minimum time required for mixing to become complete. when the subject is ;n the horizontal position. 6Thus, in case 1, it took at least 2-3 times longer in the standing still than in the recumbent position for the dye concentration in the feet to become as great as that in the arms. Judging from the average figures of Turner (20) and of Field and Bock (6) Another observation worthy of note is that after complete mixing in the standing still position, the dye concentration in foot venous blood often appears to be slightly greater than in arm venous blood, whereas it is the same in all three places in the horizontal position. This is shown by the experiments of April 11, April 21, June 7 and of July 14 on case 1. The differences are not great and are within the error of the method. They are suggestive, however, and consistent with 594 EFFECT OF POSTURE ON THE BLOOD the hypothesis of a slightly greater filtering off of plasma water from the capillaries of the foot than from those of the arm.
If the subject walked during the time that elapsed between the moment of dye injection and that of collection of blood for the plasma volume observation, the concentration of dye in arm venous blood was the same as it was when the subject was in the recumbent position, provided the injection of the dye had been immediately preceded by a rest period in this position. (See experiment of October 31, 1926 on case 2, and of January 3, 1927 on case 3.) There is some reason to suppose, however, that, after a longer period of walking about, there may be a loss of water from the plasma (4) . Therefore, since in the recumbent position, the circulation is least affected by gravity and the dye readily becomes uniformly distributed throughout the plasma, this position would appear to be the one of choice for blood volume and other comparative blood studies.
In all plasma volume observations, the rate at which dye disappears from the circulation is very important. It might be supposed that, after mixing had become complete while the subject was in the standing still position, the amount of dye left in plasma would be appreciably less than that injected. For this reason it might appear that the observed plasma volume, while less than that for the horizontal position, would be higher than it really was. One of us (3) has noted, however, that after repeated plasma volume observations, within a short period of time on the same individual, the rate at which the dye leaves the circulation decreases markedly, contrary to Lindhard's observation. Thus, after an hour under these conditions, the dye may be just as concentrated as after 5 Following a single dye injection, or a month or longer after repeated injections, however, the dye leaves the circulation at a more rapid rate so that dye disappearance may mask the volume reduction which occurs in the standing still position. This was probably the case in the lying-followed-by-standing experiment of April 7, 1927 on case 3. This was similar to the experiment of April 11, 1927 on case 1 described above. One month had elapsed, however, since any observations had been made on the subject. Thus, while the cell volume rose when the standing still position was assumed, after complete dye mixing had occurred in the recumbent position, the dye concentration remained about the same or increased only slightly.
Total C02 Total CO2 determinations were made on plasma and whole blood in a few cases. They showed no significant variations-except in case 5 on November 20, 1926 when, just preceding an attack of syncope in the standing still position, there was a well marked rise in CO2 with a proportional drop in chloride.
Chlorides
The chlorides were irregular,. no significant change being recorded except the one just noted.
DISCUSSION
In an effort to elaborate their significance, our findings are correlated with some of those in the literature which have a bearing on this subject.
Evidence to show that in the standing still position blood collects in dependent portions of the body Piorry (21) in 1826 was one of the first to comment on the marked impediment to the circulation in the erect posture. He attributed this to the influence of gravity and stated that it is due to this cause that the veins and capillaries of the hands become filled if the arms are held down. For the same reason varices and varicoceles enlarge when a person stands, and diminish when he lies down, and the head and face become red when held down. He opposed Bichat's teaching that in syncope the heart's activity is suspended, claiming that the heart continues to beat but that the beats have not force enough to overcome the effect of gravity. "It is not marvelous. It is simple.
There is no doubt that it is the absence or presence of blood in the vessels of the brain that causes or dispels syncope." Piorry corroborated-his hypothesis by showing that the horizontal position immediately restored consciousness in humans who had fainted and in dogs who had been bled in the "vertical feet down" position until syncope supervened. Salathe (22) in 1877 made the significant observation that centrifugal force was just as effective in causing the death of rabbits as the "vertical feet down" position.
The influence of gravity on the distribution of blood is well shown by the simple experiment of Stephens (23) in 1904 . In 21 healthy male medical students, he not only found that the systolic pressure in the radial arteries invariably dropped on changing from the horizontal to the upright position but also observed that in the lateral position the radial artery, pressure in the arm which was uppermost was always decidedly less.
-In 1895 Leonard Hill (24) reported that in cats, dogs and monkeys in the "vertical feet down" position the pressures in the femoral artery and vein rose while the carotid artery and jugular vein pressures fell markedly. The reverse effects were observed in the "vertical head down" position.
Through the open chest wall of an animal in the "vertical feet down" position, he frequently observed complete emptying of the heart, particularly if the splanchnics had been eliminated. This was accompanied by a fall in intracranial pressure, a marked drop in systolic pressure in the carotid, and finally by the cessation of respirations and of the pulse and by the apparent death of the animal. The heart continued to contract rhythmically. "On turning the animal to the horizontal position, the heart is seen to fill again immediately. The blood is actually shot out of the vena cava and from the veins of the splanchnic area into the heart."
Field and Bock (6) found that in 10 normal but non-athletic individuals "the average rate of blood flow (cardiac output) while sitting was 76 per cent and while standing 50 per cent of the rate while reclining. Inasmuch as the pulse rate increased from an average of 63 per minute in the reclining position to 65 per minute in the sitting position and 90 per minute in the standing position, the output per beat was tremendously diminished in the upright posture. Turner (20) , using the same method on women, and Lindhard (25), Collett and Liljestrand (26) and Henderson and Haggard (27) , using different methods, have reported findings which corroborate those of Field and Bock.
Although Salathe (22) in 1877 showed that rabbits died in the course of 15 minutes to 2 hours in the "vertical feet down" position, it remained for Churchill, Hurxthal and Miller (28) to prove that this was due to a markedly diminished cardiac output.
In view of the blood flow work just reported it is easy to understand the marked drop in pulse-pressure (6) (20) (29) and in the pressure in the pulmonary artery (28) that occur in the motionless upright position.
The increase in venous and capillary pressures in dependent parts of the body in the standing still position Associated with the collection of blood in dependent parts of the body when standing still there occurs an increase in venous pressure. This is obvious from the marked venous distension in the hand held down vertically or in the foot of a standing individual compared with the virtual collapse of such veins when held at heart level. The veins of the lower extremities in a subject standing still slowly become markedly engorged and the feet become cold and of a reddish blue color. No suction is required to withdraw blood from such a foot vein: the venous pressure squeezes the syringe piston out. On the contrary great difficulty is experienced even in puncturing the same vein when the subject is in the horizontal position, and, in many instances, once the vein is punctured the blood flows extremely slowly.
A similar observation was made by Leonard Hill (24) . He noted that while a marked increase in venous pressure in the femoral vein occurred in animals in the "vertical feet down" position, the pressure became negative in the jugular vein and no blood would flow from a puncture hole. The reverse was true in the "vertical head down" position.
Recklinghausen (16) found that when the arm of a woman was held down vertically, the pressure in a hand vein was 40 cm. of water as compared with a pressure of 10 cm. of water when the arm was held at heart level. In a foot vein of the same woman the pressure was 62 cm. of water in the sitting position and 79 cm. of water in the standing position, pressures just about sufficient to support columns of blood reaching to the symphysis and not to the heart. Similar findings have been reported by Hooker (18) and by Carrier and Rehberg (17) . The foot veins fill only slowly, however, in the erect posture and Recklinghausen states that he might perhaps have observed a further rise in venous pressure had he followed it over a long enough period. He was inclined to attribute the relatively small change in foot venous pressure as compared with arm venous pressure to a marked increase in vasomotor tone in the lower extremities in the erect posture causing the blood to trickle through very slowly to the venous side.
Resulting at least in part from the increased venous pressure in dependent parts of the body when a person stands still, there appears to be an increase in capillary pressure. Recklinghausen (16) showed that the capillary pressure was much greater in the foot of a standing woman and also in her hand when her arm was held down vertically than in the same parts of the body at heart level. The increase in capillary pressure in the foot, however, while absolutely greater, was relatively less than in the arm. Carrier and Rehberg (17) , using a more accurate method, have shown that in the hand, the capillary pressure varies with the venous pressure. It is greatest when the hand is held down vertically and decreases until a level is reached as the hand is raised above the heart.
The marked increase in capillary pressure in the lower extremities of a person standing still, is obvious from a very simple experiment. A small needle prick which, in the skin of a foot of a person in the horizontal position, will occasion no bleeding, in the standing still position will cause oozing of blood for several minutes.
Effect of increased venous pressure on the composition of the blood Cohnheim (30) was one of the first to show that, as a result of venous stasis due to application of a tourniquet, a fluid poor in protein passes very freely out of the capillaries into the tissues and from there into the lymph stream so that the small veins and capillaries became distended with erythrocytes. It has been shown that, under these circumstances, there is an increase in hemoglobin concentration, red count, specific gravity and in the dry weight of whole venous blood in the area distal to the tourniquet (31) (32) . An increase in total plasma protein in the same area has been reported by several observers (4) (33) (34) (35) (36) . Drury and Jones (37) have recently shown, by plethysmographic studies, that edema is produced in the legs of healthy men as a result of raising the venous pressure by inflation of a blood pressure cuff. The rate of formation of edema appeared to depend upon the height to which the venous pressure was raised. Increase in volume due to increase in blood alone was allowed for.
It would seem inevitable that, when a person stands still, the capillary pressure should increase most in the lowermost parts of the body. The arterial pressure while dropping in the brachials and carotids in animals in the "vertical feet down" position increases in the femorals, both changes being due to gravity. Thus the capillary pressure in the legs is probably augmented from both the arterial and venous sides (the venous pressure being, of course, the more important) and the conditions favor the squeezing out of fluid from the plasma into the tissues.
From our observations, it is obvious that the fluid lost from plasma in the standing still position remains somewhere within the body. From the considerations just presented of the physical conditions involved, it would appear probable that most of it is collected as lymph in the lower extremities. This assumption is supported by the observation of Field and Bock (6) . "We have noted that while a subject was standing during an experiment the calves of his legs became indurated and brawny and increased in circumference 1.5 cm." It is also upheld by the work of Mosso (38) . Using a delicate balance board, he found that when a subject assumed the horizontal position after standing for some time, the weight of the feet end of the board only very slowly decreased, in spite of the fact that presumably the excess blood leaves the lower extremities almost immediately.
Cardiac edema and the reduction in plasma water The diminished amount of urine passed by a normal man in the standing still position as compared with the horizontal position (39) may perhaps be related to the relative anuria of the day and the polyuria of the night noted in cardiac decompensation. The collec-tion of ankle edema during the day and its disappearance during the night's rest in bed in the early stages of cardiac edema, may well be a related phenomenon. Cardiac decompensation is a condition in which numerous observers agree that there is a well marked increase in venous pressure (40) (41) to occur in mitral stenosis. This is probably the case in all decompensated cardiac patients. Thus, in contrast to conditions in normal man in the recumbent position, both normal man in the standing still position and the patient with cardiac edema in the recumbent position, appear to show diminished blood flow and increasedvenous pressure. In the one case, the increased venous pressure is due to venous congestion caused by gravity and, in the other, to venous congestion caused by a failing heart.
One of us has observed that in well marked cardiac edema there is an increase in plasma volume (42) Evolutionary significance of circulatory changes in the standing still position The general nature of the response of the circulation to the motionless upright position appears to be the same in all mammals; but the degree of response seems to vary according to the habitual position of the animal. Those animals in which the trunk is normally supported horizontally appear to show a much poorer adaptation to the "vertical feet down" position than those in which the trunk is normally supported vertically. Thus Hill (24) found that in monkeys on changing from the horizontal to the "vertical feet down" position, the systolic pressure in the carotid artery fell much less than in cats, dogs and rabbits. He made the deduction that adaptation to the upright position was probably most complete in man.
Our observations and those of others clearly indicate, however, that even man's adaptation to this position is not complete and the maintenance of the standing still position for more than a few minutes is extremely difficult.
The mechanism for adjustment to the standing still position appears to be an increase in vasoconstrictor tone in the dependent portions of the body (16) (24). This greatly diminishes the rate of blood flow to the venous side as manifested in our experiments by the slowness of the increase in dye concentration in foot veins. Flooding of the capillary reservoirs in the splanchnic area and lower extremities is thus prevented. Such a compensatory mechanism is only partially effective, however, for once the blood does succeed in getting through to the veins, it has difficulty in returning to the heart as manifested by the marked venous and capillary engorgement. In this way a vicious cycle is created. The blood flow is slowed not only as a result of the difficulty in returning blood to the heart but also by the compensatory mechanism itself.
Although the adjustment to the erect posture is very inadequate for standing still, it appears adequate for activity. In the movements of the daily routine, muscular contractions are constantly forcing blood back towards the heart. The intrapelvic rectal pressure, normally about 15 to 25 mm. Hg, may rise on very slight exertion, such as an arm or leg movement to 80 or 100 mm. Hg and, if the movement is sudden, it may rise to 150 mm. Hg (43) . Slight leg movements may even force the blood from the feet into the chest, and thus prevent the ill effects of the motionless upright position. Under certain conditions, however, the compensatory mechanism may prove inadequate even during activity. Thus patients often faint when they first get out of bed after a long illness. This temporary loss of vasoconstrictor tone in the splanchnic area may represent a transient reversion (from disuse) to a more primitive state.
SUMM&ARY AND CONCLUSIONS
In the standing still position there occurs a net loss of approximately protein free fluid from the blood. This seems to be due chiefly to an increase in capillary pressure. The loss amounts on the average to about 11 per cent of the total plasma volume, and is probably greatest where the filtration pressure is most increased, namely, in the lower extremities.
The maximum fluid loss, which occurs in the standing still position 
